A regional climate model (RCM) is a numerical climate prediction model forced by specified lateral and ocean conditions from a general circulation model (GCM). Multicriterion analysis were used to rank and choose the best regional model for the wadi el-natrun Catchment. Sixteen RCMs were assessed for Wadi El-Natrun Catchment with a gridded resolution of 0.5° × 0.5° for the mean monthly rainfall and mean monthly temperature using five performance indicators. The performance indicators used were the correlation coefficient, normalized root mean square deviation, absolute normalized root mean square deviation, average absolute relative deviation and skill score. The Entropy method was endorsed to acquire weights of these 5 indicators and PROMETHEE-2 (Preference Ranking Organization Method of Enrichment Evaluation). Multi-criterion decision-making techniques were applied as a new approach in Egypt for ranking sixteen Regional climate models over Wadi El-Natrun Catchment. The outranking relation is calculated and the solutions from best to worst are orderly positioned. Results direct that all entire applied methods give the same regional model for the first rank according to rainfall, for temperature, the first three applied methods (Compromise Programming, Cooperative Game Theory, Weighted average technique) give the same first rank model which have the second rank for PROMETHEE-2 method. The research concluded that the best model for the rainfall is not the same best model for temperature. The results indicated that model ICHEC-EC-EARTH _SMHI-RCA4 (Middle East and North Africa domain) and MPI-M-MPI-ESM-LR_MPI-CSC-REMO2009 (Africa domain) are the best regional climate model for simulating mean monthly rainfall and mean monthly temperature, respectively over Wadi El-Natrun Catchment. Therefore, they are recommended for the further investigation.
INTRODUCTION
A climate system model is an important tool to investigate the appliances for historical, current and projected climate change. The climate system is denoted in a basic procedure in Global Circulation Models (GCMs), with consolidation of models for different elements of the climate system (Xiao-Ge et al. 2013) . The uncertainty supplementary with the formulation of GCMs proceed due to a number of variables. These variables include effects of carbon dioxide which are contrarily parameterized in various GCMs, initial and boundary conditions for the given GCMs, GCMs limitation and model structure, unpredictability and future greenhouse (GHG) and gas emissions (Raju et al. 2014) . Perkins et al. 2007 applied Skill Score (SS) approach to evaluate 14 GCMs peculiar to the ability of GCMs to resemble daily rainfall, daily minimum and maximum temperatures for 12 regions of Australia. The assessment was in regard to how properly individual GCMs could arrest the observed probability density functions for each individual variable and each region. They established that the climate models which should be used could be assessed by SS the skill score methodology.
In 2010, a turnover principle, which reveals the proportion of GCMs ranked in the top 'n' for 1-time period were used for ranking 17 GCMs for each 20-year period in accordance with the absolute differences between simulated and observed global average 20-year temperatures were ranked (Macadamet al. 2010) . The ranked Atmosphere Ocean General Circulation Models (AOGCMs) on regional performance for each 20-year period in accordance with the gridbox wise root mean square difference between the set of simulated 20-year temperatures for the gridboxes comprising the region in dispute and the equivalent set of observed 20-year temperatures. They terminated that that particular kind rankings are not significant in assessing the reliability of projected climate changes simulated by AOGCMs. Fordham, et al. 2011 employed an ensemble of 20 GCMs over Australia by applying the range of skill and convergence metrics for precipitation according to their skill in reproducing 20-year observed patterns of regional and global climates of interest. They demonstrate that model ranking (match of simulate to observed conditions) differs according to the skill metric used, as well as the climate variable and season considered; although the multi-model averaged result tends to outperform single models at a global scale, at the continental scale at least some models can perform better than the multi-model average; and forecasts for the Australian region, which are often based on a single AOGCM (CSIRO-3.0).
Ojhaet al. 2013 applied an ensemble of 17 GCMs and ranked 10 variables by applying the VCS variable convergence score method for the case of India. A higher consistency was indicated for pressure and temperature, and lower consistency for precipitation and related variables across GCMs. The overall results indicated low convergence in atmospheric attributes for the north eastern part of India. Raju et al.2014 investigated 5 performance indicators (R, NMRSD, ANMRSD, AARD and SS) to rank 11 GCMs for India for precipitation as a given climate variable. They used the Entropy method to determine the weights of the indicators, and an out ranking based Multi Criterion Decision Making (MCDM) method, PROMETHEE-2. They concluded that the resulting ranking patterns may change with the addition of more indicators, more variables, different GCMs and changes in indicator weights.
GCMs are employed to predict the changes in atmospheric variables under the climate change scenarios defined by the Intergovernmental Panel for Climate Change (IPCC). These climate predictions are delineated at a coarse grid (approximately 150-300 km) and are often biased and hence cannot be used directly in hydrological models for climate change impact assessments. Thus, there is a need for downscaling. There are two main downscaling approaches: dynamic and statistical downscaling (Fowler et al. 2007) . In dynamic downscaling a Regional climate model (RCM) is set up for a region of interest and nested within a GCM (Christensen et al. 2007 ). The RCM avails GCM to express time-varying atmospheric boundary conditions enclosing a finite domain. The RCM resolution is regularly computationally limited to a 12-50 km and it chronicles for the sub-GCM grid scale compelling by e.g. complex topographical features and land cover heterogeneities in a physically-based way (Sunyer et al. 2012 ). However, RCMs commonly acquire the biases and other deficiencies of the GCM, and therefore projected statistical downscaling is often required also for RCM projections, thus RCMs were chosen in this study.
The objectives of this study are intelligible as follows: (1) recognizing and electing performance indicators, five performance indicators were recognized and elected such as the Correlation Coefficient (CC), Normalized Root Mean Square Deviation (NRMSD), Absolute Normalized Root Mean Square Deviation (ANRMSD), Aver-age Absolute Relative Deviation (AARD) and Skill Score (SS), for precipitation and mean temperature. (2) Implementing an appropriate approach for ranking of RCMs: exploring the applicability of a MCDM outranking method, i.e. Entropy Method (EM), Compromise Programming (CP), Cooperative Game Theory (CGT), Weighted Average Technique and PROMETHEE-2 Methods. (3) Comparing between different techniques. (4) Choosing the best regional climate model for both rainfall and temperature.
16 RCMs were selected from Cordex data to be ranked. The abbreviations of the selected 16 RCMs and the organizations involved are presented in Table 1 . These 16 RCMs were evaluated for Wadi El-Natrun Catchment (covering 1 grid of 0.5° × 0.5°) using the 5 performance indicators described above. 
Study Area
Wadi El-Natrun is a narrow depression located in the west of the Nile Delta, approximately 110 km northwest of Cairo between longitudes 29° 80' 00" and 31° 00' 00"E and latitudes 30° 00 ' 00" and 30° 50' 00"N. The total area of the study area around Wadi El-Natrun is roughly 1123 as shown in Figure (1) , extending in a NW-SE direction. (Mogith et al. 2013 ). The topography of study area has an elevation difference of 180 m between its highest point above the sea level and lowest point blew the sea level. The elevation attains its highest altitude of 160 m above the sea level around the depression of Wadi El-Natrun and drops to range between -23 m and -15 m at the center of the depression of Wadi El-Natrun.
Figure 1. Location of Wadi El-Natrun Catchment

METHODOLOGY 1. Metadata
In this study, simulations of sixteen RCMs from Coordinated Regional Climate Downscaling Experiment (CORDEX) are extracted. RCMs are selected founded on their data availability over the study region (Table 1) . Two variables are included: Monthly mean rainfall and monthly mean temperature for historical from these RCMs. CORDEX project is one of the components endorsed by the World Climate Research Program (WCRP) and was established in 2013 to assess and match RCMs (Giorgi et al.2009 ).CORDEX provides an internationally coordinated framework to improve regional climate scenarios for many regional domains and provide new statistical methods for downscaling and analysis (Jacob et al.2012 and Nikulin et al.2012) .In this context, CORDEX desires to improve the robustness of climate projections at regional scales and at high spatial and temporal resolution in order to enable the AFRICAN society to better adapt to unavoidable climate change and to design more efficient mitigation strategies. In addition, to facilitate the usage of the ensemble of simulations by the Vulnerability, Impact, Adaptation and Climate Services (VIACS) community and other potential users (Bessembinder et al.2015) .
As a portion of the universal CORDEX framework, the MENA-CORDEX initiative affords regional climate projections for Middle East and North Africa (MENA) with a grid resolution of 0.44° x 0.44° (AFR-44, MNA-44). Moreover, the desired period between 1979− 2005 were extracted from the Earth System Grid Federation websites (https://esgf-data.dkrz.de/search/cordex-dkrz).
Then the simulated monthly climate dataset was analyzed for ranking the 16 RCMs. This simulated dataset is compared to the observed-historical monthly dataset, extracted by Climatic Research Unit (CRU). The resolution of the gridded dataset is to 0.5° x 0.5°.
Performance Indicators
A performance indicator is driven to verdict the RCMs feature and how well it resembles the Cordex observed data. Five performance indicators, namely (correlation coefficient, normalized root mean square deviation, absolute normalized root mean square deviation, average absolute relative deviation and skill score) where chosen to assess the RCMs (Raju et al. 2014 ).
(a) The correlation coefficient (CC):
Correlation coefficient is implemented to assess the compliance between RCM simulated and observed data. The value of CC is such that -1 < CC < +1. A CC value of +1 indicates a perfect positive fit. If there is no linear correlation or a weak linear correlation, CC is almost closer to zero and is computed.
Where, are averages of observed and simulated values, whereas and are the standard deviations. (Sharifiet al. 2016 ).
(b) Normalized Root Mean Square Deviation (NRMSD)
NRMSD is a measure of the difference between the observed values and the model projected. NRMSD can be expressed as:
The smaller the value of NMRSD of the estimate, the better the predictive power of the model. An ideal value of 0 is adopted (Chai et al. 2014 ).
(c) Absolute Normalized Root Mean Square Deviation (ANRMSD)
ANRMSD is the ratio of the mean of the differences between the observed and the RCM simulated values to the mean of observed values. ANRMSD is expressed as Similar to NRMSD, smaller values of ANMBD indicate better performance and it is ideal to have a value of zero. (Chai et al. 2014 ).
(d) Average Absolute Relative Deviation (AARD)
AARD can be defined as the average of the absolute values of relative errors and is computed as:
Similar to previous performances, the smaller values indicate better performance of the model, and a value of 0 is preferred (Willmottet al.2005) .
(e) Skill Score (SS)
SS affords a portion of coincidence between two probability density functions (PDFs), which grants contrast through the entire PDF (Yinet al. 2018) . SS is expressed as:
where:
is number of bins used to calculate the PDF for a given region. , are the frequencies of values in the given bin from the chosen RCM and of the observed values. Skill score varies between zero and one. The higher the score value, the better the RCM performance (Raju et al. 2014) .
Entropy method
The Entropy method was selected to reveal the indicators weights for every grid relay on the formulated grid wise payoff matrix (Costa et al. 2002) . The Entropy Methods can be expressed as:
and Where:
total entropy, is the normalize the payoff matrix, a is the index for RCMs; j is the index for indicators, (j = 1,2, …, J);T is the total number of RCMs (16 RCMs as shown in Table 1 ); is the Degree of diversification and is used to determine the information afford by the outcomes of indicator j;
Hence, Normalized weights of indicators are calculated as:
The uncertainty of the criterion vector become high, when the entropy value is higher and vice versa.
Multi Criterion Decision Making Techniques
India applied the Multi-criterion decision-making (MCDM) techniques for ranking global climate models. These techniques have been not implemented before in Egypt. Therefore, we proposed the MCDM as a new approach in Egypt and we applied the new approach to rank RCMs over Wadi El-Natrun Catchment for the first time. All (MCDM) used in our study depend on the We ight of indicators for SS, CC, NRMSD, ANRMSD, and AARD (Raju et al. 2014 ).
(a) Compromise Programming (CP):
CP is employed to explore multi objective problems related to floods and disaster (Weiet al.2015) (Srinivasa Raju et al. 2016) . It is recognized on distance measure metric. The general formulation of a CP approach is expressed as follows:
Where; j means statistical index; = Weight assigned to the indicator j;p is the parameter (1, 2, … ∞); is the normalized value of index j being gridded climate variable product;
is the normalized ideal value of index j (Value of indicator j for RCM).The p value of 1 is used for measuring linear and 2 for squared Euclidean distant. The lower value, the better the RCM performance.
(b) Cooperative Game Theory (CGT). Parrachinoet al. 2006 stated that CGT has a lot to offer for normative analyses and can be applied on distance measure. CGT can be are calculated as:
is the value of indicator j for RCM a;
is Anti-ideal value for each indicator j among available RCMs; the weight assigned to the indicator. The Higher value, the better the RCM performance. Best RCM is the one with maximum weighed average value (Raju et al.2018 ).
(d) Preference ranking organization method for enrichment evaluation (PROMETHEE-2)
PROMETHEE-2 is considered one of the Multi Criterion Decision Making (MCDM) method of outranking nature (Behzadian et al. 2010 and Brans et al.2016) . It is signed to rank the RCMs. The overall characteristic of PROMETHEE is that all alternatives are associated in a pair-wise manner, separately for each criterion.
Let (a) be the score of climate adaptation option (a) under criterion . Then, the preference score of two alternatives (a) and (b) is calculated using the preference function , i≠j:
The multi-criteria preference degree for alternative (a) against alternative (b) is calculated as the weighted sum of the pairwise preferences over the two alternatives for all criteria.
The PROMETHEE-2 outranking method offers two penchant flows. The first, , imitates how powerfully an alternative (a) rules all other alternatives and the second, , reveals how strongly (a) is ruled by all alternatives. (Nigussieet al. 2018) Net ϕ= where is the weight assigned to the indicator j;
is the outranking index of a in the RCMS set ; is the outranked index of a in the RCMS set ;
is the net ranking of a in the RCM set , and J is the number of indicators. The RCM having the highest value is considered to be the most suitable RCM (Raju et al. 2014 ). Table 2 and Table 3 demonstrate the values obtained for the 5 indicators (CC, NMRSD, ANMRSD, AARD and SS), (Equations. 1−5) for the selected 16 RCMs for rainfall and Temperature, respectively. Zero or minimum or error is appropriate in the incident of NMRSD, ANMRSD and AARD, however an ultimate value of 1 is appropriate for CC and SS. An inappropriate negative sign is employed before the values associated to NMRSD, ANMRSD and AARD to make them maximization type and to be compatible with CC and SS. As shown in Table 2 for rainfall, CC (Eq. 1), (M05) was correlated well with the observed data with a value of 0.65, whereas a minimum CC was desired for (M02) with a value of -0.01. This aspect is extended spatially for 1 grid point (50X50 km) covering Wadi El-Natrun. Similar trends were detected for SS (Eq. 5). In this case, (M05 and M06) shows 75 % similarity with the observed PDFs, however (M01) shows only 42 % similarity. While, NRMSD indicator (Eq. 2) displays that (M01) is the desired RCM, with an NRMSD value of 1.38, whereas (M05) is the least preferred (NRMSD = 0.69). For ANMRSD (Eq. 3) as well, (M01) is the preferred RCM (0.88) whereas (M05) is the least preferred (0.31). For AARD (Eq. 4), (M16) and (M05) are the most and least desired RCMs, respectively. Table 3 shows that in the case of CC (Eq. 1), (M12) was correlated well with the observed data with a value of 0.99, whereas a minimum CC was observed for (M05) with a value of 0.90. This aspect is extended spatially covering Wadi El-Natrun. Similar trends were observed for SS (Eq. 5). In this case, (M12) shows 58 % similarity with the observed PDFs, whereas (M07) shows only 25 % similarity. However, NRMSD indicator (Eq. 2), (M05) is the preferred RCM, with an NRMSD value of 0.13, whereas (M12) is the least desired (NRMSD = 0.03). For ANMRSD (Eq. 3) as well, (M05) is the preferred RCM (0.11) whereas (M13 and M14) is the least favored (0). For AARD (Eq. 4), (M05) and (M12) are the most and least desired RCMs, respectively. The analysis indicates that each indicator reacts contrarily for various RCMs.
Results and Discussion (a)Analysis of indicators
In this study, an effort was made to discover all 5 indicators simultaneously to assess their applicability (and their relative contribution) while ranking the RCMs.
(b) Application of Entropy method
Entire indicator values in Table 2 and Table 3 were normalized using to safeguard that the criterion with a larger variety would not control the criterion with a tinner variety, and to make them harmonious with the desires of the Entropy method ( Raju et al. 2014) . Table 2 and Table 3 also promote total entropy (Eq. 6), the degree of diversification (Eq. 7) and the normalized weight of each indicator (Eq. 8). Between the 5 indicators, for rainfall CC has the peak value of 102%, which means that its effect on ranking of RCMs is significant. The overall contribution of NRMSD and SS and AARD and ANMRSD is less than 0%. In case of Temperature CC has the peak value (101%), which means that its effect on ranking of RCMs is significant. The entire contribution of NRMSD, ANMRSD, AARD and SS is less than 0%.
(c) Application of Compromise Programming
CP is used to measure metric. Appropriate RCM is the one, which have the least metric value (Eq. 9). In the case of rainfall, (M05) has been ranked as first rank with the Lowest = equal to zero and (M02) has the last rank with the highest = 0.678, as shown in Table 4a . For Temperature, as shown in Table 4b , (M12) has been ranked as first rank with the Lowest = 0.0 and (M05) has the last rank with the Highest = 0.098.
(d) Application of Cooperative Game Theory
It is recognised on distance measure which far as possible to anti-ideal, so Rank of 1 is the highest (Eq. 10) and least rank is the lowest value is to be given. As shown in Table 4a , for Rainfall, (M05) has the Rank of 1 with the highest = 0.643 and (M01 and M02) has the least Rank with the lowest = 0.0. As shown in Table 4b , for temperature, (M12) has the Rank of 1 with the highest = 0.146 and (M01 andM07) has the least Rank with the Lowest = 0.0.
(e) Application of Weighted Average Technique
It be contingent on the weighted average values for other RCMs. Ideal RCMS is the one with supreme weighed average value (Eq. 11). (M05) and (M12) with convenience values of 0.598 and 0.49 occupied 1 st and 2 nd positions respectively, while (M02) with utility values of -0.039 occupied 16 th position for the Rainfall, as shown in Table 4a . However, (M12) and (M06) with convenience values of 0.173 and 0.129 occupied 1 st and 2 nd positions respectively, whereas, (M02) with convenience values of 0.018 occupied 16 th position for the temperature, as shown in Table 4b .
f) Application of PROMETHEE-2
This method is considered the easiest approach for resolving a multicriterion problem. By applying Eq. 12 to Eq.16, the value can be estimated. The RCMs having the highest value is considered the best model. For Rainfall, Table 4a shows that (M05) has the highest value of 0.998 and therefore it is considered the best model (Rank 1), followed by (M11) with a value of 0.432. While, (M02) is ranked lowest due to its low value of −0.858. M05, M11 and M07monopolise the first three locus. In case of temperature (M13) has the peak value of 0.902 and therefore is considered the best model (Rank 1), followed by (M12) with a value of 0.820. (M05) is ranked lowest due to its low value of −0.895. M13, M12 and M01monopolise the first three locus, as shown in Table 4b .
Results direct that entire ranking methods give the same ranking. For rainfall, Table 4a , displays that (M05) is the best model. According to temperature, Table 4b demonstrates that (M12) is considered the best model for three applied methods (Compromise Programming, Cooperative Game Theory, Weighted average technique) and the second best model for PROMETHEE-2 method. Figure 2 and Figure 3 demonstrate the output results of observed historical data and simulated historical data over Wadi El-Natrun Catchment. As shown in Figure 2 there was a lot of variance between observed and simulated RCMs. Model M05 (ICHEC-EC-EARTH _SMHI-RCA4) (Middle East and North Africa domain) indicates the best curve aligning with historical data (CRU) for simulating mean monthly rainfall. While, Figure 3 demonstrates that the Model M12 (MPI-M-MPI-ESM-LR_MPI-CSC-REMO2009) (Africa domain) has the best performance for simulating mean monthly temperature due to the best curve fitting. 
